Purpose. To correspond scapular pain with the nerve root involved in cervical radiculopathy. Methods. In the anatomic study, 11 Japanese adult cadavers were dissected to examine the numbers and courses of the cutaneous nerves from C3 to C8 dorsal rami. In the clinical study, 14 men and 11 women aged 34 to 77 years who presented with scapular pain as well as pain, numbness or motor weakness in the upper limbs secondary to cervical radiculopathy were assessed. The involved nerve roots were identified based on the symptoms and signs in the arm and/ or fingers, the radiological diagnosis, and the pain response to cervical nerve root blocks. The sites and characteristics of radicular pain were assessed. Results. In the anatomic study of 22 cutaneous nerves from medial branches of dorsal rami, 18 involved the C5 nerve root, 0 the C6 root, one the C7 root, and 8 the C8 root. In the clinical study, the radicular pain often occurred in the suprascapular region involving the C5
root, in the suprascapular to posterior deltoid region involving the C6 root, in the interscapular region involving the C7 root, and in the interscapular and scapular regions involving the C8 root. All patients with C5 or C8 radiculopathy had both superficial and deep pain, whereas almost all patients with C6 or C7 radiculopathy had deep pain only. No patient had superficial pain only. Conclusion. Cervical radiculopathy can cause scapular pain. Pain sites and characteristics are related to the affected nerve root.
INTRODUCTION
Cervical radiculopathy is a disease involving compression of a spinal nerve root, causing radicular pain and numbness of the arm and/or fingers, which can be detected through dermatome symptoms, muscle weakness, and abnormal deep tendon reflexes. [1] [2] [3] [4] Before the onset of arm and/or finger pain due to cervical radiculopathy, scapular pain is common and can be used to identify the spinal nerve root involved. 5 Also, radicular pain in the scapular region is often associated with a cervical nerve root block. We investigated the characteristics of the scapular pain and whether it is caused by cervical radiculopathy when the dorsal rami of the cervical nerves are distributed below the traditional cervicothoracic line, with a view to corresponding the involved nerve root.
MATERIALS AND METHODS

Anatomic study
11 Japanese adult cadavers were used. Soft tissues and muscles of both sides of the back were dissected until the origins of the C3 to C8 dorsal rami were exposed. The medial branches of the dorsal cutaneous nerves were found extending through the trapezius. They were marked with strings and then traced to the proximal portions where they parted from the ventral rami. The numbers and courses of innervating nerves were examined, with a view to corresponding the levels of the dorsal rami of the cervical nerves reaching those cutaneous nerves (Fig. 1) . The courses of the cutaneous nerves were traced from the medial to the lateral side in the interscapular and scapular regions (Fig. 2) . The cutaneous branches were identified as those that reached the skin; branches that ended in muscles were excluded.
Clinical study
14 men and 11 women aged 34 to 77 (mean, 53) years who presented with scapular pain as well as pain, numbness or motor weakness in the upper limbs secondary to cervical radiculopathy were assessed. Informed consent was obtained from each patient. This study was approved by the ethics committee of Patients were assessed by plain radiography, computed tomography, and magnetic resonance imaging. The involved nerve roots were identified based on the symptoms and signs in the arm and/ or fingers, 3, 4 the radiological diagnosis, and the pain response to cervical nerve root blocks. The causes of nerve root compression were associated with laterally herniated discs (n=9), spondylotic osteophytes at the Luschka or facet joint or both (n=15), and a haematoma in the ligamentum flavum (n=1). 20 of these 25 patients underwent surgery.
The sites and characteristics of radicular pain were assessed according to the McGill Pain Questionnaire 6 ; superficial pain was defined as a sharp or stabbing pain felt on the surface of skin, whereas deep pain was defined as an aching, heavy, or cramping pain felt under the skin (mimicking muscle pain).
RESULTS
Anatomic study
Of 22 cutaneous nerves of the medial branches from the dorsal rami, 18 (82%) involved the C5 nerve root, 0 (0%) the C6 root, one (5%) the C7 root, and 8 (36%) the C8 root. They took a gradually descending course from the facet to the nuchal ligament by about one or 2 vertebrae. In almost all cases, the C6 and C7 dorsal rami ended in the semispinalis cervicis or capitis muscles. Under the skin, the C5 dorsal ramus changed to a cutaneous nerve at the C6 or C7 spinous process level, and gradually descended inferolaterally to the suprascapular region. The C8 dorsal ramus changed to a cutaneous nerve at the T1 or T2 spinous process level and ran from the interscapular region to the middle of scapular region (Fig. 3a) .
Clinical study
Of the 25 patients, the involved nerve roots were C5 (n=3), C6 (n=10), C7 (n=11), and C8 (n=1). The radicular pain often occurred in the suprascapular region involving the C5 root, in the suprascapular to posterior deltoid region involving the C6 root, in the interscapular region involving the C7 root, and in the interscapular and scapular regions involving the C8 root (Fig. 3b, Table) .
All patients with C5 (n=3) or C8 (n=1) radiculopathy had both superficial and deep pain. Almost all patients with C6 (9 out of 10) or C7 (9 out of 11) radiculopathy had deep pain only. No patient had superficial pain only.
DISCUSSION
The connection between scapular pain and involved nerve roots is unknown.
3,4 Scapular pain usually precedes pain in the arm and/or fingers, and the involved nerve root can be determined based on the site of scapular pain. 5 Scapular pain can be caused by facet lesions, 7-10 discogenic lesions, 11, 12 and cervical nerve root blocks. 13 Scapular pain secondary to cervical radiculopathy may occur through the medial branches from the dorsal rami of the cervical nerves. In our study, one third of the C8 medial branches from the dorsal rami reached the cutaneous nerves. The ends of these nerves reached the middle of the scapula, and the course of the medial branches of cervical nerve roots veered more to the caudal side than the traditional cervicothoracic line. 14, 15 It is possible that the skin in the scapular region was doubly innervated from another segment. Scapular pain associated with cervical radiculopathy differs from the posterior neck pain (nuchal pain). The rates of C6 and C7 cutaneous nerve involvement were significantly lower than those of the C5 and C8 nerves. [15] [16] [17] In clinical epidemiology, 80% of cervical radiculopathies involve C6 or C7 roots. 18 This indicates that not only cutaneous nerves but also other nerves convey the scapular pain secondary to cervical radiculopathy. The pain in C6 and C7 radiculopathy felt as deep pain may be caused by the nerve endings within muscles that pass into the dorsal rami of the cervical nerves. In our patients with C5 or C8 radiculopathy, their dorsal rami often changed into cutaneous nerves, and thus they felt both superficial and deep pain. In our patients with C6 or C7 radiculopathy, their dorsal rami seldom changed into cutaneous nerves, and they felt deep pain only. The sites of the radicular pain in C5 and C7 radiculopathy overlapped with those in C6 and C8 radiculopathy, respectively. In cases of overlapping sites of pain, the presence of superficial versus deep pain or both may help identify the affected nerve root (Table) .
Regarding the symptomatology of radiculopathy, the scapular region can be divided into several subregions. 3, 4 The site of pain is associated with the affected nerve root. 5 It is difficult to differentiate the radicular pain of the C5 root from that of the C6 root, based on the courses of the dorsal rami of the cervical nerves. However, differentiation can be made based on pain characteristics and the fact that ventral ramus of C6 reaches the posterior deltoid and teres minor muscles. In our study, C7 radiculopathy resulted in interscapular pain, and C8 radiculopathy resulted in interscapular and scapular pain. In almost all cases of C7 radiculopathy, the medial branches from the dorsal rami ended within the rhomboideus muscle, indicating that C7 radiculopathy causes interscapular pain. In a third of C8 radiculopathy cases, the medial branches from the dorsal rami reached the scapula, suggesting that this nerve root conveys interscapular and scapular pain. Therefore, the association between the site of pain and the involved nerve root may be explained by the occurrence of the medial branch from the dorsal ramus, and by the course of that nerve.
A pain-muscle spasm-pain cycle is proposed, in which pain elicits muscle spasm which in turn leads to muscle pain. 19 Stimulation of the cutaneous nerve may result in not only superficial pain, but also deep pain. In our study, patients with C5 and C8 radiculopathy complained of both superficial and deep pain, whereas almost all patients with C6 and C7 radiculopathy complained of deep pain only.
This study was limited by difficulty in tracing each component of the segmental nerves peripherally. The number of samples was small, especially among those with C5 and C8 radiculopathy. Facet pain or discogenic pain could not be excluded in patients who did not undergo surgery. 
